T he availability of molecular typing methods is essential to aid in outbreak investigations and track evolutionary trends of microbes in the community and health care settings. Currently used methods to determine genetic relatedness between bacteria are based largely on fractional sequencing, e.g., multilocus sequence typing, multilocus variable-number tandem-repeat analysis (MLVA) or gel-based separation and visualization of DNA fragments, e.g., pulsed-field gel electrophoresis (PFGE) or PCR ribotyping. Each of these techniques has its own procedural and analytic limitations, including suboptimal discriminatory power.
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Whole-genome sequencing (WGS) has become an important and rapidly accessible tool for microbial identification and pathogenesis and comparative analyses. The clinical impact of this technology on patient care is increasingly discernible (1, 2) . From a public health and epidemiologic perspective, robust and higherresolution genomic analysis provided by WGS has yielded important insights into transmission pathways for several significant pathogens (3) (4) (5) (6) (7) . Although the majority of these investigations were conducted retrospectively, the findings collectively highlight the potential of WGS as a real-time infection control tool.
Two accompanying articles in this edition of the Journal of Clinical Microbiology (JCM) emphasize the broad array of applications of WGS for epidemiologic investigations (8) . The first accompanying paper, by Octavia et al. (9) , describes the use of WGS to examine 57 clinical and environmental isolates from five different point source community outbreaks of gastroenteritis caused by endemic Salmonella enterica serovar Typhimurium phage type DT170, which accounts for 40% of the human cases in the region studied. Routine implementation of MLVA typing using five variable-number tandem-repeat loci was unable to offer sufficient discriminatory power to distinguish between outbreak and endemic clones. By means of WGS, several additional cases were recognized as outbreak related. Although these additional cases were isolated from the same geographic area and within a 2-week window around the outbreak period, no obvious epidemiologic links had been previously established. In this study, single nucleotide polymorphism (SNP) criteria to determine outbreak thresholds and confirm diversity within the point source were based on a Poisson mutation model. The upper and lower estimates of mutation rates used in the model were derived from previously wellcharacterized outbreaks, an approach that needs to be corroborated in future studies.
The second accompanying paper, by Salipante and colleagues (10), describes a study that compared WGS to standard PFGE analysis of isolates collected from suspected outbreaks of methicillin-resistant Staphylococcus aureus (MRSA), vancomycin-resistant enterococcus (VRE), and Acinetobacter baumannii. Overall, the agreement between PFGE and WGS was highest for VRE and wide discordance was observed for MRSA and A. baumannii. Strains of the latter organism that were closely related by PFGE were clonal by WGS. The authors hypothesize that the occurrence of frequent horizontal gene transfer among A. baumannii strains could account for this discrepancy, making PFGE prone to produce false-negative results in the event of an actual transmission. The lack of clinical and epidemiologic correlates limits the ability to draw any inference from the proposed classification of genetic relatedness in that study (Յ3 SNPs, related; 4 to 12 SNPs, closely related; Ͼ13 SNPs, unrelated). Overall, the analysis revealed overand underidentification of clonality among epidemiologically related samples of three clinically important health care-associated pathogens and provides important information for laboratories transitioning methodologies from PFGE to WGS.
Despite the obvious advantages of WGS, several barriers remain before the technology is adopted for routine use. Technical advances have resulted in a rapid decline in sequencing and equipment costs, overcoming many of the upfront financial challenges (11, 12) . The turnaround time needed to retrieve actionable information is also becoming shorter, such that timely implementation of control strategies based on WGS data seems plausible in the setting of an outbreak.
In its present state, high-performance computing remains essential for sequence assembly and analysis. The various sequencing platforms have their unique sets of challenges that impact the sensitivity and reproducibility of the data generated, for example, from short-read systems (assembly is complicated) compared to long reads (higher error rate). The requirement of a sophisticated informatic infrastructure for data processing and integration persists as a major obstacle to the widespread implementation of WGS, and the technology remains out of reach for many clinical and public health laboratories (13) . Calibration for genetic evolution within and outside the host is essential to establish benchmarks for sample density and variant calling. The studies in this edition of JCM clearly indicate that refinement of the WGS approach in these areas is under way.
In summary, the data presented by Octavia et al. and Salipante et al. reinforce the importance of integrating genomic analysis with epidemiologic information gathered during public health investigations. Rapid access to the whole genome of a bacterial isolate, ideally obtained directly from a clinical specimen within a clinically relevant time frame, holds innumerable opportunities for improving patient care and infection prevention and control. Ultimately, the pace and success of the transition from conventional to WGS-based typing depend upon simplifying analysis and establishing clear criteria for validation and verification, akin to currently accepted standards for the accreditation of routine clinical microbiology laboratories.
